The innervation of human teeth has been a subject of repeated investigation.
The had not studied in sufficient detail the existence of the predentin which is essential for the demonstration of the innervation of the dentin zone.
Probably the fiber innervation is obscured because the junction between the predentin and the dentin stains rather densely by the silver impregnation method. The purpose of this study is to demonstrate the existence of nerve fibers in the dentin, through the application of improved techniques.
Material and Methods
Fresh human teeth taken from persons ranging in age from 15 to 25 years supplied the material for the present study. were observed even in living nerves, Nerve fibers stained black with silver were rather easily distinguished from other fibers, such as yellowish brown odontoblast processes, or translucent dentinal tubules.
* Toy o d a's original method (1927) was so simplified as to yield reproducible results : place the specimen in a beaker, and pass an electric current, using a 3A, 12V battery, until a constant current of 0.02mA is obtained. ** To 10 ml of 10% silver nitrate, add 1 ml of 25% sodium hydroxide. When the precipitate has settled, add strong ammonia drop by drop until the precipitate is almost dissolved. Bring the total volume to 400 ml with 2% gelatin. Results : nerve fibers, sharp black ; Tomes' fiber, light yellowish brown. *** Makin o's dioxan-paraffin method was found to be superior to other embedding methods, with respect to the preservation of silver on nerve fibers. In both dentin and predentin, silver impregnated fibers satisfy the above features and therefore they should be regarded as nerve fibers.
From the plexus of Raschkow running amongst the odontoblasts, nerve fibers change their direction to reach the predentin surface, where they divide into numerous branches forming a marginal plexus.
Here some of the branches enter dentinal tubules, while others become embedded in the surface of the predentin, Branches from the latter fibers seem to enter dentinal tubules from the predentin (Figs. 1, 2, 3) ,
The dentinal tubules containing nerve fibers which lie close to. the process of odontoblasts apparently enter through the junction between predentin and dentin into the dentin-zone (Figs. 4, 5, 6). These intratubular nerve fibrils exhibit distinct features characteristic of nerve fibers, In the cervix of a molar they usually. follow a spiral course (Fig, 7) , some having shoot-like appendages (Fig. 8) .
Among the numerous nerve fibers interlacing in the predentin, some run parallel to the tubule.
Branching occurs rather commonly in this zone ; some fibers are beaded, while some loop back toward the pulp, Relatively large transverse fibers seem to be nerve bundles with a thin covering.
These end at the branching point forming a triangular swelling with a non-stained center (Figs. 9, 10, '11, 12). Sometimes the nerve bundle looks to run in a canal-an early stage of a calcified tubule-showing vesicular swellings characteristic of terminal nerve fibers, The " canal " seems to resemble Morgen.-stern's " nerve tubule ", Frequently, at the junction of three or more branches of nerve fibers visible through the covering there appears a cell-like body of stellate form having no nuclear body, stained light brown (Figs. 13, 14, 15) . Its function remains unknown at present, but it seems to be a sort of protective architecture for the junction.
Discussion
Through the application of improved techniques devised by the author, an apparent junction was found to occur between dentin and predentin.
Dentinal tubules containing nerve fibers are distinguishable from connective tissue by their affinity to stain, Passing through the junction, these nerve fibers connected with the nerves in the pulp were demonstrated in the sections presented in this paper, This fact contrasts with Lew in s k y and S t e w a r t's (1938) view, even though T o y o d a (1927) failed to show the continuity of nerve fibers in the dentin with those of the pulp in his preparations.
Collagenic fiber, dentinal tubules, and connective tissue also have an affinity for silver, but the affinity is highly characteristic to each element, allowing them to be distinguished from nerve fibers, Sometimes stellate cell-like bodies were observed at the branching point of nerve fibers ; they are entirely different from the " pulp-cells " described by T e r a s a k a (1939) , and from the " nerveend cells of the central pulp " reported by Mummer y (1919) and Morgenstern (1896). Bernick (1948) reported that, in a few cases, globular, ovoid or elongated structures were observed in the dentin, which originated from the odontoblasts but not from the nerve endings.
The present author's findings supplemented those of Bernick (1948), but the cell-like elements were quite different in color and shape from those described by him, although this cell-like structure could be mistaken for a nerve cell in superficial observation., Non-stained centers of nerve swellings, such as triangular, fusiform, or beaded bodies, have not been reported by any author except F ea r i h e a d (1961), since the swellings stained rather densely with silver.
The non-stained centers may be attributable to the fact that the nerve fibers consist of fasciculi, approach their termination, and divide again and again until each branch becomes a naked fibril, with the covering sheath at the branching point assuming a triangular shape.
The separate point appears fusiform, and the nerve fibers are situated along the edge of the swelling. These features may account for the non-stained centers. The type of innervation in the predentin observed by the present author, resembles generally that reported by T o y o d a (1927), F e a r n h e a d (1957, 1961) and Bernick (1948). However they differ from the findings of Bernick (1948) , in that most of the nerve fibers terminate in the odontoblastic layer and only a few fibers enter the dentin for a short distance, returning again to the predentin. Further, the author's view is different from B e r n i c k's, which stated that the dentinal tubules do not contain nerve fibers, and that the fibers terminate among the odontoblasts. In the case of old teeth, in which predentin is very thin, nerve fibers usually take a straight path and become slender, and looping fibers are not found to occur in them.
Conclusion
and Summary 1) By the application of an improved technique, the dentinal tubules were shown to contain nerve fibers in the dentin.
Freshly obtained teeth were fixed in B o u i n's fluid. After decalcification with formic acid formalin, the teeth were treated with 5% sodium sulphite solution.
A simplified T o y o d a's Electro-osmosis method was adapted to remove excess ions in the specimens, followed by treatment with pyridine.
Staining was done by a modified T o m it a's gelatin silver method, and embedding by Makin o's dioxanparaffin method. Serial sections were cut at 8-20 micra. 2) Nerve fibers in the dentinal tubules pass through the dentinpredentin junction into the dentin layer, where nerve fibers lie close to the odontoblast processes.
3) In the predentin layer, nerve fibers interlace ; some run parallel with the tubules and with Tome s' fibers ; some loop back toward the pulp, and larger ones run transversely in grooves. 4) Sometimes, at the junction of two or more branches, celllike elements or bodies which look like nerve cells were observed.
5) At the swelling points, non-stained centers were frequently found.
6) More detailed studies on the innervation of the dentin and enamel zones are now in progress. 
